Cesarean section is one of the most common surgical operations performed on women worldwide. This review will consider the benefits and harms of both vaginal birth after cesarean section and elective repeat cesarean section for women in a subsequent pregnancy. In addition, consideration will be given to the role of induction of labor for women with a prior cesarean birth, women's views and preferences for care, and future research directions.
In most developed countries worldwide, the rate of cesarean section is increasing, accounting for 21.3% of all births in the UK, 23% in Northern Ireland [1] , 23 .3% in Australia [2] and 26% in the USA [3] . Reported rates from South America are higher, reaching in excess of 50% in some private hospitals in Chile, Argentina, Brazil and Paraguay [4] . There have been many reasons proposed to account for the increase in cesarean births over the past decades, including medicolegal issues, the increasing use of electronic fetal heart rate monitoring, and reduced training in operative vaginal and vaginal breech births [5] . The most common primary obstetric indication for cesarean section is repeat cesarean, accounting for 28% of births in the UK [1] and over 40% of births in the USA [6] . It has been estimated that previous cesarean is the main reason (56.6%) for an elective cesarean and 13.9% of emergency cesareans are in women who have had a previous cesarean [7] . Figures from the USA indicate a repeat cesarean section rate in 2003 of 89.4%, with a similar rate (88.7%) occurring in women considered to be 'low-risk' [8] .
Many studies have examined the reasons for the increase in the proportion of cesarean births observed, assessing population characteristics, variations in clinician practice [9] , available resources, women's childbirth preferences [9] [10] [11] [12] and the views of healthcare practitioners [1, 13, 14] . In an attempt to halt the increasing cesarean section rate, the American College of Obstetricians and Gynecologists issued a consensus statement supporting vaginal birth after cesarean section (VBAC) as a "safe and acceptable" care option for women with a previous cesarean [15] .
A woman's chance of achieving a successful VBAC is reported to be between 56 and 80%, although there is considerable variation in the proportion of women who attempt VBAC [9, 13, 16, 17] . Figures from the UK indicate that for women who have had a previous cesarean birth, the chance of successful vaginal birth is 33%, although again there was considerable variation across institutions, ranging from 6-64% [1] . Reports from sub-Saharan Africa indicate rates of planned VBAC of 54-97%, with successful vaginal birth being achieved in 63-84% of women [18] .
Despite attempts to both reduce the cesarean section rate and increase the proportion of women with a previous cesarean who attempt VBAC [19] , the number of women attempting VBAC has declined markedly. Data from the USA highlight a fall in the number of women attempting VBAC from 28.3% in 1996 to 12.7% in 2002 [3] . However, recent literature reports of VBAC have highlighted the seemingly increasing maternal and infant risks, including uterine rupture [20] [21] [22] and perinatal death [23] . These citations have impacted negatively on VBAC rates and have not helped to reverse this declining trend [3] . There is therefore renewed public debate over the relative safety of VBAC and calls from key international agencies for better quality evidence [24] .
Vaginal birth after cesarean versus elective repeat cesarean section: what are the benefits & harms?
There are benefits and harms associated with both repeat cesarean section and VBAC. Repeat elective cesarean birth is associated with an increased risk of complications such as bleeding, the need for blood transfusion, infection, damage to the bladder and bowel, and deep venous thrombosis. As the number of cesarean births for each individual woman increases, so does the difficulty in performing surgery, due to adhesions, and the risk of damage to the bladder or bowel at Women's Health (2007) 3(1) future science group future science group the time of surgery. There may also be difficulties in conceiving a further pregnancy or the development of placenta previa or placenta accreta/percreta [25] . Infants born by cesarean may develop transient tachypnea of the newborn, the risks of this relating to the use of general anesthesia and gestational age at birth [26, 27] .
One uncommon, but potentially serious, complication associated with a prior uterine surgery (including a previous cesarean section) is that of uterine rupture, which may occur prior to the onset of labor or during labor. Any vaginal birth may be associated with a nonreassuring fetal heart rate tracing or failure to progress, both of which may require birth by emergency cesarean section. Emergency cesarean in labor has been associated with an increased risk of infection, bleeding and deep venous thrombosis when compared with both vaginal birth and elective cesarean birth. Any vaginal birth may be associated with trauma to the woman's perineum and may be associated with longer-term problems, including pelvic floor weakness, contributing to symptoms of prolapse and incontinence. Infants born vaginally may have lower Apgar scores and an increased chance of trauma, if the birth has been difficult, than those infants born by elective cesarean section.
In searching the literature in preparation of a Cochrane Review [28] to evaluate the benefits and harms of VBAC and elective repeat cesarean section for health outcomes for women and infants, in excess of 2000 case series and cohort studies, and five meta-analyses were identified [18, 24, [29] [30] [31] [32] [33] [34] . The magnitude of risks for both repeat elective cesarean section and VBAC are best summarized through the metaanalyses. While the methodology of each of the meta-analyses was well defined, the magnitude of the clinical outcomes reported varied considerably ( Table 1) .
The most comprehensive of the meta-analyses identified 180 studies published since 1980 that compared the benefits and harms of a trial of labor and an elective repeat cesarean section [24, 33, 34] . Their assessment of study quality concluded that the literature was 'significantly flawed', with comparisons between studies hampered by lack of standards of reporting, inconsistencies in definitions of outcomes, variation in reporting of important clinical outcomes and lack of comparability of groups, specifically it often being unclear whether women included in the elective repeat cesarean group were truly eligible to attempt VBAC.
Guise and colleagues recommended that "future research should focus on conducting methodologically rigorous studies to provide direct evidence regarding the relative benefits and harms of VBAC and elective repeat cesarean. If randomized trials are not done, good-quality studies of VBAC versus elective repeat cesarean must pay attention to comparability of the groups, specificity of the intervention, and standard outcome measures" [24, 33, 34] .
In an attempt to address the current deficiencies in the literature, the National Institute of Child Health and Human Development (NICHD) Maternal-Fetal Medicine Units Network conducted a large, prospective, observational study across 19 centers in the USA [35] . A total of 33,699 women with a prior cesarean birth were involved in the study, of whom 17,898 (53.1%) attempted VBAC and 15,801 (46.9%) underwent elective repeat cesarean section. The observed rate of symptomatic uterine scar rupture among women undergoing VBAC was 0.7%. The absolute risk of infant hypoxic ischaemic encephalopathy was 0.46 per 1000 women undergoing trial of labor at term. The authors concluded that trial of labor was associated with an increase risk of perinatal morbidity and mortality when compared with elective repeat cesarean section, although the absolute risks remained small [35] .
The Birth After Caesarean Study (ISCTRN 5397431), a partially randomized patient preference study, is currently recruiting women to assess the benefits and harms associated with both a planned VBAC and a planned repeat elective cesarean for women with a previous cesarean birth eligible for a VBAC. This study is adopting rigorous methodology, using a 'restricted' prospective cohort study design, in which women are assessed at 37 weeks gestation against standard inclusion criteria to determine their suitability to attempt VBAC. All women included in this study will therefore have been eligible to attempt VBAC. At 37 weeks gestation, with consent, women can either be randomized to a planned VBAC or a planned elective repeat cesarean, or choose their preferred planned mode of birth. An intention-totreat analysis similar to that used in randomized trial methodology will be adopted.
Induction of labor for women with a prior cesarean section
For women with a prior cesarean birth, uncertainty exists regarding whether labor should be induced in a subsequent pregnancy, or whether a future science group future science group www.futuremedicine.com repeat elective cesarean section should be performed. In a recent survey of practice, Australian and New Zealand obstetricians were asked about their willingness to offer induction of labor in a subsequent pregnancy to women with a previous cesarean birth [36] . Induction of labor was considered an acceptable option, with 68% of respondents preferring this to cesarean section. However, in the setting of the 'post-term' pregnancy, willingness to proceed with induction of labor fell to 54%.
Concerns specifically related to induction of labor in the presence of a scarred uterus are the possible increased risk of uterine scar rupture. Retrospective data show a 2.5% risk of uterine scar rupture associated with the use of vaginal prostaglandins (including misoprostol and vaginal prostaglandin E 2 ) to induce labor in the presence of a uterine scar [21] . Misoprostol is a synthetic prostaglandin E 1 analogue, and is being used increasingly as an agent to induce labor. Concerns have been raised regarding its safety in the setting of women with a previous cesarean section, with several case reports in the literature detailing uterine rupture following the use of misoprostol in these women [37] [38] [39] [40] [41] .
In the large NICHD study, the use of prostaglandin-based medication to induce labor was associated with a nonsignificant increase in the risk of uterine rupture when compared with mechanical methods of induction of labor (such as the use of a Foley catheter) [35] . In this study, the risk of uterine rupture was 1.4% (140/10,000 inductions) using prostaglandins compared with 0.89% (89/10,000 inductions) using a Foley catheter to dilate the cervix [35] . However, a large retrospective study from Scotland assessing over 36,000 women with a prior cesarean birth, of whom 4600 underwent induction of labor with prostaglandins, indicated an increased risk of uterine rupture leading to perinatal death associated with the use of prostaglandin agents (0.045% [4.5 per 10,000 noninduced labors] versus 0.11% [11 per 10,000 labors induced with prostaglandins in women with a prior cesarean]) [42] . It is unclear whether the reported risk of uterine rupture related to the use of prostaglandins reflects medication-induced changes in the connective tissue of the uterine scar, or whether it is a marker of an unfavorable cervix [43] , which in itself is a predictor of adverse outcomes associated with a trial of labor in women attempting VBAC [44] .
Controversy exists around the use of oxytocin to induce and augment labor in women with a scarred uterus. The NICHD study suggests an increase in the risk of uterine rupture associated with the use of oxytocin, being 0.36% (36/10,000 women) without the use of oxytocin, increasing to 0.87% (87/10,000 women) where oxytocin is used [35] . However, it is unclear whether this increased risk is confined to women undergoing induction of labor, or whether the risk also extends to those women undergoing augmentation of labor.
Despite the manufacturers of both vaginal prostaglandin E 2 gel and oxytocin (Syntocinon ® ) listing the presence of a uterine scar as a contraindication to use in their product guidelines, they are widely used to induce labor in women with an unfavorable cervix who have had a previous cesarean section. In Australia and New Zealand, almost two-thirds of obstetricians indicated a reluctance to use vaginal prostaglandins to induce labor in women with a prior cesarean birth, whereas 80% indicate a willingness to use oxytocin [36] . Recent clinical practice guidelines issued from the Society of Obstetricians and Gynaecologists of Canada for care of women with a previous cesarean section advise against the use of prostaglandin medications for induction, although the use of oxytocin is not contraindicated [45] . Information derived from randomized, controlled trials related to specific methods of induction of labor in the presence of a scarred uterus is limited. Three systematic reviews have identified four randomized, controlled trials assessing various methods of induction of labor in this clinical setting, involving a combined sample size of 137 women [46] [47] [48] . Unfortunately, the methods of induction employed in each of the trials were too disparate for meta-analysis to be appropriate, and the available sample size was significantly underpowered to be able to detect differences in clinically meaningful outcomes. In order to confirm the suspected increased risk of uterine rupture associated with the use of prostaglandin agents, a sample size of the order of 10,000 women would be required, using uterine rupture as a primary outcome measure.
In the absence of sufficient quality data on which to base clinical decisions, uncertainty persists regarding the safety of induction of labor in women with a previous cesarean birth, and the safety of specific agents and methods of induction. Caution should therefore be exercised during induction of labor in women with a prior cesarean birth as indicated by obstetric bodies worldwide [15, 47, [49] [50] [51] .
Predictors of successful VBAC
There has been considerable interest in the literature related to prediction of a woman's chance of successfully achieving VBAC. In a meta-analysis of studies reported between 1982 and 1989, involving 11,417 women, successful VBAC was more likely among women with a vaginal birth prior to cesarean section, and where the primary indication for cesarean section was breech presentation, rather than 'failure to progress' or 'cephalopelvic disproportion' [31] .
In the large NICHD study, factors associated with successful VBAC were examined for the 14,529 women who underwent a trial of labor [44] . Factors found to be associated with an increased chance of successful VBAC were vaginal birth prior to the cesarean section, spontaneous onset of labor and infant birth weight less than 4000 g [44] . Conversely, cesarean section performed for dystocia or failure to progress was associated with an increased chance of emergency cesarean section during labor [44] .
The available literature relating to women who have more than one prior cesarean section who attempt vaginal birth in a subsequent pregnancy is largely confined to case series and retrospective cohort studies. In a secondary analysis of the NICHD data, success of attempted VBAC and risks of maternal morbidity were examined [52] . The rate of successful VBAC was similar for women with more than one prior cesarean section, as compared with women with a single cesarean section, with no statistically significant increase in the risk of uterine rupture (0.9% multiple cesarean sections vs 0.7% single prior cesarean section) [52] . However, for women with more than one prior cesarean section attempting VBAC, there was a significant increase in the risk of hysterectomy and transfusion, and an increase in the risk of maternal morbidity when using a composite index (odds ratio: 1.41; 95% confidence interval: 1.02-1.93) [52] .
Women's preferences A woman's expectations for birth and mode of birth preferences are influenced by knowledge of the potential benefits and risks as well as personal and social factors, including issues related to family size. In the UK cesarean section audit 45% of women with a previous cesarean indicated a preference for vaginal birth in a subsequent pregnancy, while 20% preferred an elective repeat cesarean. In a further 27% of women, their preference was determined by medical factors. Only 6.2% of women expressed no preference for mode of birth. In a randomized trial of prenatal education and support program for vaginal birth for women with a previous cesarean, of women eligible for a planned VBAC, just over 10% expressed no preference for mode of birth. A survey of recent mothers who had given birth by cesarean section were asked about their planned mode of birth in a subsequent pregnancy [53] . For 63% of the women surveyed, a preference for subsequent mode of birth (either VBAC or repeat elective cesarean section) had been formed within 6 months of their primary cesarean birth [53] , suggesting that the optimal time to influence decision-making processes may be prior to discharge home from the index cesarean.
In a systematic review of the literature, Eden and colleagues identified that women with a previous vaginal birth were more likely to select a future science group future science group www.futuremedicine.com trial of labor in a subsequent pregnancy when compared with women who had not had a previous vaginal birth [54] . The cited reasons included ease of recovery and need to return quickly to ongoing family responsibilities, rather than concerns primarily for the woman's own safety or that of her infant [54] . Any future research designed to influence the rate of planned VBAC must include an assessment of women's views, and an evaluation of women's processes of decision making [24] .
Conclusion
Despite the appearance of a vast body of literature related to the benefits and harms of VBAC compared with repeat elective cesarean birth, the quality of the available data is flawed, limited by inconsistent reporting of outcomes, variations in the definitions used and uncertainty regarding the comparability of groups, particularly whether all women included in repeat cesarean section groups are truly eligible to attempt VBAC [24, 33, 34] .
Future perspective
Given the number of women and infants who birth by cesarean section each year worldwide, obtaining reliable information regarding the benefits and harms of both planned elective repeat cesarean and planned VBAC should be a research priority. Until methodologically rigorous studies are performed, the literature available to care providers will continue to be confused and contradictory, and the information required by women to make informed healthcare choices unavailable.
Executive summary

Introduction
• In most developed countries worldwide, the rate of cesarean section is increasing and the proportion of women attempting vaginal birth after cesarean section (VBAC) in a subsequent pregnancy is decreasing. • The most common primary obstetric indication for cesarean section is repeat cesarean.
Vaginal birth after cesarean versus elective repeat cesarean section: what are the benefits and harms?
• The quality of the available data relating to health outcomes following planned VBAC and planned elective repeat cesarean section is hampered by lack of standards of reporting, inconsistencies in definitions of outcomes, variation in reporting of important clinical outcomes and lack of comparability of groups. • In the large National Institute of Child Health and Human Development study, the observed rate of symptomatic uterine scar rupture among women undergoing VBAC was 0.7%. The authors concluded that trial of labor was associated with an increase risk of perinatal morbidity and mortality when compared with elective repeat cesarean section, although the absolute risks remained small.
Induction of labor for women with a prior cesarean section
• Information regarding the risk of uterine rupture in the setting of induction of labor is contradictory, but risk is thought to be increased after the use of either prostaglandin medication or oxytocin.
Predictors of successful vaginal birth after cesarean
• Factors associated with successful VBAC include a previous vaginal birth prior to the cesarean section; the indication for the prior cesarean section (breech presentation as opposed to 'failure to progress' or 'dystocia'); and the spontaneous onset of labor.
Women's preferences
• Women often have strong preferences related to mode of birth in a subsequent pregnancy. Any future research designed to influence the rate of planned VBAC must include an assessment of women's views and an evaluation of women's processes of decision-making.
Conclusion
• Given the number of women and infants who birth by cesarean section each year worldwide, obtaining reliable information regarding the benefits and harms of both elective repeat cesarean and VBAC should be a research priority.
